The control of malate synthase formation in a fumaric acid-producing strain of Rhizopus nigricans has been found to be similar in most respects to that of isocitrate lyase, the companion enzyme of the glyoxylate bypass. A basal level is formed in a casein hydrolysate medium, which is repressed by glucose. Utilization of glucose during growth results in relief of glucose repression. Any factor which stimulates growth promotes relief of glucose repression by enhancing the incorporation of repressor metabolites derived from glucose into cell material. Thus, malate synthase formation was enhanced in glucose-containing media by the addition of zinc, or by an increase of the concentration of available nitrogen source in a synthetic medium. Both acetate and glycolate acted as apparent inducers of malate synthase, with glycolate the more effective of the two when added alone. Acetate induction was enhanced by Zn++, however, whereas induction by glycolate was unaffected. This supports the concept that acetate stimulates formation of glyoxylate bypass enzymes by a derepression mechanism, whereas glycolate or a product derived from it acts directly as an inducer. Moreover, it is indicated that the malate synthases induced by acetate and glycolate are separate and distinct, as has been shown in Escherichia coli. 
The glyoxylate bypass has been shown to occur in a wide variety of microorganisms, and has been assigned an important role in allowing growth on two-carbon compounds. Two Kornberg (7, 9) , and Komberg and Elsden (10) .
Malate synthase also plays a role in the glycerate pathway (11) . It Pa. 19141. While the glyoxylate bypass enzymes have been studied in a wide variety of bacteria, they have been studied much less in fungi. This is in spite of the importance that has been attached to C2 metabolism in fungi (4) . Kornberg (7) has postulated that the glyoxylate bypass may play an important role in the formation of C4 acids by fungi. A study of the control of the glyoxylate bypass enzymes in fungi has therefore been undertaken.
A previous report (15) dealt with the control of isocitrate lyase in Rhizopus nigricans. The present report represents an extension of this earlier work to include malate synthase, the companion enzyme.
MATERIALS AND METHODS
Organism. R. nigricans 45, a fumaric acid-producing straindescribed by Foster and Waksman (5) , wasused.
Growth conditions and enzyme preparation. Two types of medium were used: one was a casein hydrolysate medium; the other was a synthetic glucose-(NH4)2S04 medium. The basal salts mixture used in both media consisted of: 0.5 g of K2HPO4; 0.5 g of MgSO4.7H20; 0.01 g of Fe2(SO4)3; and 1,000 ml of deionized distilled water. To this was added either casein hydrolysate (acid-hydrolyzed, vitamin-and salt-free; Nutritional Biochemicals Corp., Cleveland, Ohio) at a final concentration of 1%, or glucose (final concentration, 5%) and (NH4)2SO4 (final concentration, 0.2%). The media were dispensed in 50-ml amounts to 250-ml Erlenmeyer flasks. Flasks were covered with cotton filter discs (Rapid-Flo, Johnson and Johnson Filter Products Div., Chicago, Ill.) to promote good aeration. Since copious amounts of fumaric acid were produced in the glucose-(NH4)2SO4 synthetic medium, 1.5 g of sterile CaC03 was added to each flask after sterilization to act as a neutralizing agent. Cultures were inoculated with 1.0 ml of a spore suspension standardized to an optical density of 0.3 at 540 m,u. Incubation was carried out at 32 C on a rotary shaker at 250 rev/min.
Growth (15) .
The level of enzyme produced in the casein hydrolysate medium could be considered the basal, or constitutive, level, and the effects of various additions to this medium could be convently studied.
Glucose repression of malate synthase. Addition of glucose to the casein hydrolysate medium resulted in repression of malate synthase formation. When the concentration of glucose was low enough so that it could be utilized during growth, the repression was relieved. Figure 2 (15) . Therefore, the effect of Zn++ on malate synthase formation was also studied. The data shown in Table 1 dium. It was of interest to determine the level of malate synthase formed in a synthetic glucose-(NH4)2S04 medium that favors fumaric acid formation, since it was suggested by Kornberg (7) that the glyoxylate bypass may play an important role in the production of this acid by fungi. Therefore, the organism was grown on a medium of high C-N ratio, containing 5% glucose and 0.2% (NH4)2S04. The results obtained in cultures with and without added Zn1-are shown in Table 2 . It is seen that although malate synthase was produced in the glucose medium without added Zn++, it was produced at a repressed level. A higher level was produced in the culture with added Zn++; again, it is probable that this higher level was occasioned by the increased utilization of glucose and cell synthesis provoked by the addition of this metal.
Thus, it appears that factors which stimulate cell synthesis and the removal of glucose or glucose catabolites result in relief of repression of malate synthase. On this basis, it would be expected that an increase in available nitrogen source and the restoration of a C-N ratio more favorable to cell synthesis would also result in enhanced formation of this enzyme. This is realized as shown in Table 3 . The level of malate synthase increased as the nitrogen source concentration was increased. Addition of Zn | further stimulated enzyme formation at all nitrogen concentrations employed.
Induction of malate synthase. In most organisms studied, growth in the presence of acetate or glycolate resulted in elevated levels of malate synthase. These two substances have been implicated as inducers, acting directly or indirectly (see Discussion). (15) . However, addition of this metal had no effect when glycolate was used as the inducer.
A similar effect of Zn++ on acetate and glycolate induction was found in the synthetic medium. In this experiment, cells were grown for 55 hr on the basal salts mixture containing 5% glucose and 0.6% (NH4)2SO4. The cells were then washed and replaced with the same mineral salts medium containing various additions. The results are shown in Table 5 . Again, glycolate effected a twofold greater induction than did acetate. While addition of Zn+ to the acetate medium enhanced induction twofold, Zn-H added to the glycolate medium had no significant effect.
This differential effect of Zn++ on induction by acetate versus glycolate suggested the possibility that two separate malate synthases, regulated in different ways, exist in Rhizopus, just as has been shown in E. coli (2) . This possibility 
